Notwithstanding lineage-specific variations, the number and type of protein-coding genes remain relatively stat across the animal kingdom. By contrast there has been a massive expansion in the extent of genomic non-protei coding sequences with increasing developmental complexity. These non-coding sequences are, in fact, transcribe in a regulated manner to produce large numbers of large and small non-protein-coding RNAs that control gene e pression at many levels including chromatin architecture, post-transcriptional processing and translation. Moreove many RNAs are edited, especially in the nervous system, which may be the basis of epigenome-environment intera tions and the function of the brain.
INTRODUCTION
It appears that the genetic programming of complex organisms has been misunderstood for the past 50 years, because of the assumption -largely true for the unicellular prokaryotes, but apparently not for multicellular eukaryotes -that most genetic information is transacted by proteins. This assumption is based upon the central dogma which holds that 'DNA makes RNA makes protein', implying that RNA functions primarily as an intermediate between a gene and its encoded protein, which in turn are responsible for the core functions of the cell, including regulatory functions. Reciprocally it has been assumed that the vast tracts of non-protein-coding sequences that are present in animal and plant genomes are largely non-functional. However, this assumption may be incorrect (Mattick 1994) , and the emerging evidence suggests that these non-coding sequences actually specify a vast and hitherto hidden layer of regulatory information that is transacted by RNAs, in conjunction with generic protein complexes that interact with
INFORMATION SCALING IN COMPLEX ORGANI
The human genome specifies an anatomically co and cognitively advanced organism comprised of cells, with exquisitely precise architecture of its ent muscles, bones, many organs and the brain, w self contains ∼ 10 10 neurons each with an estimate synaptic connections in the neocortex alone (An et al. 2003) . Surprisingly the human genome co only ∼20,000 conventional protein-coding genes ( stadt and Ponting 2006, Clamp et al. 2007) , wh similar in number and largely share orthologou tions with those in nematodes that have only ∼1,0 matic cells. Indeed, not withstanding clade-specifi ations and innovations (such as RNA editing protei below), the core proteome and extent of proteinsequences has not changed greatly since the origin metazoa, despite enormous increases in their de mental and cognitive complexity (Taft et al. 2007 On the other hand, the extent of non-protein- (Furuno et al. 2006 , Pang et al. 2007 ). Approximately half of all lncRNAs show highly specific expression patterns in different regions of the brain, and many are trafficked to specific sub-cellular locations (Mercer et al. 2008) . Moreover particular ncRNAs are associated with known and novel sub-nuclear domains (Sone et al. 2007 , Sunwoo et al. 2009 ), suggesting a key role for lncRNAs in cell biology that has yet to be explored. While ncRNAs exhibit a wide range of conservation (Pang et al. 2006) , this is to be expected given that their sequences are subject to different structure-function constraints (i.e., may be more plastic) than proteins, and that regulatory innovation underpins much if not most of phenotypic variation (Pheasant and Mattick 2007). There is also an underexplored subterranean strata of differentially expressed repeat-derived RNAs (Lunyak et al. 2007 , Faulkner et al. 2009 ), which may also play an important role in developmental regulation (Faulkner and Carninci 2009, Mattick et al. 2010) .
REGULATED EXPRESSION OF NONCODING

RNA REGULATION OF EPIGENETIC PROCESSES
A major function of ncRNAs appears to be the regulation of the epigenetic processes that underpin differentiation and development (Amaral and Mattick 2008) , by guiding relatively generic chromatin-modifying complexes to their sites of action ). Many chromatin-modifying proteins contain RNA binding domains, as indeed do major classes of transcription factors (Shi and Berg 1995 , Mattick 2003 , Bernstein and Allis 2005 ). An increasing number of lncRNAs have been shown to be associated with chromatinmodifying complexes and different forms of modified histones (Rinn et al. 2007 , Dinger et al. 2008b (Taft et al. 2010b) , and a range of small RNAs derived from snoRNAs (sdRNAs) (Taft et al. 2009b) , some of which appear to function as miRNAs (Ender et al. 2008) , indicating an interplay between the snoRNA-and miRNA-mediated regulatory systems (Politz et al. 2009 , Taft et al. 2009b ).
RNA COMMUNICATION AND PLASTICITY
Finally, it appears that RNA is trafficked between cells (Dinger et al. 2008a) . It also appears to be the substrate for the transmission of environmental information into endogenous epigenetic networks, via RNA editing (Mattick 2010). RNA editing occurs via two classes of enzymes, the ADARs (one of which, ADAR3, is brainspecific) that catalyze adenosine deamination to inosine (La al. 2001) , possibly associated with the evolution vanced brain function, which also involves process are similar to those in the immune system (Matti Mehler 2008 , Mattick 2010 . Finally it appears tha is the mediator of transgenerational epigenetic tance, referred to as 'paramutation' (Chandler 2 process that is also influenced by editing (Nadeau
CONCLUSION
The emerging evidence suggests that, rather than of protein-coding sequences in a desert of jun genomes of humans and other complex org should be viewed as islands of protein-coding seq in a sea of regulation (Mattick 2004 , Ovcharenk 2005 , most of which is transacted by RNA (Am al. 2008 , Mattick 2010 . Moreover it appears tha rather than simply being an ephemeral intermedi tween gene and protein, actually comprises the c tational engine of the cell (Mattick 1994 , Matti Gagen 2001 
